Background and Aims The efficacy of nucleoside(tide) analogues (NA) in the treatment of acute liver failure due to hepatitis B virus (HBV-ALF) remains controversial. We determined retrospectively the impact of NAs in a large cohort of patients with HBV-ALF. Methods The US Acute Liver Failure Study Group, a 23-site registry, prospectively enrolled 1,413 patients with ALF with different etiologies between 1998 and 2008. Of those, 105 patients were identified as HBV-ALF patients, of whom we excluded those without data on NA use or with co-infection with hepatitis C, leaving 85 patients, 43 of whom had received NA treatment. HBV-DNA on admission was quantified by real time polymerase chain reaction.
Introduction
Acute liver failure (ALF) is characterized by a sudden deterioration of liver function with hepatic encephalopathy and coagulopathy [1] . Patients with ALF exhibit massive necrosis of hepatocytes; in many cases, more than 60% of total liver mass is lost [2] . Hepatitis B virus (HBV) infection comprises a major portion of adult ALF (HBV-ALF) ranging from 8 to 19% in Western countries to 38% in Japan and 21% in Korea [3, 4] . Survival in patients with HBV-ALF who do not undergo orthotopic liver transplantation (OLT) ranges from 19 to 33% [4] . The efficacy of nucleoside(tide) analogues (NAs) for patients with HBV-ALF is uncertain [5] .
NA treatment in chronic HBV infection results in suppression of HBV-DNA replication and increased seroconversion rates [6] . Favorable clinical outcomes including improved liver histology or survival in this setting are seen but evolve slowly in months or years [6] . By contrast, therapy for acute hepatitis B does not clearly alter the course of disease. A recent randomized clinical trial demonstrated that 3 months of lamivudine use decreased HBV-DNA concentrations faster only for the first 4 weeks of therapy in the lamivudine treated group as opposed to the placebo control. Clinical and biochemical outcomes in this study were comparable between the two groups after 1 year of follow-up [7] . Compared to those with more typical chronic or acute HBV infection, patients with HBV-ALF represent a more extreme condition with rapid evolution from diagnosis to fatal outcome within a matter of days to weeks. Patients exhibiting a fulminant course have been thought to have a more vigorous immune response than is seen in self-limited acute hepatitis B infection [8, 9] . In support of the concept of an overactive immune response, undetectable HBV-DNA on presentation, rapid HBsAg clearance and early anti-HBs appearance is observed in 20% of HBV-ALF patients [8] . NAs have been proposed as treatment for this rapidly fatal condition.
Few studies evaluating the efficacy of NA use specifically in HBV-ALF patients have been performed, most series having included patients with milder disease, without encephalopathy [3] . In this retrospective study we determined whether NA use in patients with HBV-ALF was associated with improvement in short-term patient survival.
Patients and Methods
Between January 1998 and December 2008, the US ALF Study Group enrolled 1,413 patients with acute liver failure (ALF) comprising all etiologies from 23 sites around the nation, to study in prospective fashion their clinical characteristics and outcomes. The definition of ALF used by the group included severe acute liver injury without known cirrhosis, with onset of illness within 26 weeks of onset of encephalopathy with coagulopathy (prothrombin time C15 s or international normalized ratio (INR) C1.5) [1]. During this period, 105 patients with ALF secondary to hepatitis B infection (HBV-ALF) who exhibited at least one marker of HBV (HBsAg and/or anti-HBc immunoglobulin M [anti-HBc IgM]) were enrolled (Fig. 1) . Within the cohort, two patients with HBV ? HCV co-infection were excluded. No patient was found to be co-infected with hepatitis A, hepatitis D or hepatitis E.
Using data on the remaining 103 HBV patients, we performed a retrospective review of case report forms (CRFs) and medical charts for NA use. In cases where the CRFs did not reveal use of NA or its denial, we queried the study site for relevant additional information, excluding ten patients lacking such information regarding NA use as well as four whose NA had been given [3 weeks before admission to study and four whose NA was started [3 weeks after admission to study. Full information on NA use within 3 weeks prior to or post study admission was available for 85 patients. Among these, nine were considered immunosuppressed, either due to prednisone therapy largely for inflammatory bowel disease (n = 7) or HIV co-infection (n = 2, neither patient was on anti-retroviral therapy at time of study). We recognized that there were two groups within this cohort: those with new acute HBV infection leading to ALF (AHBV-ALF) and those with ALF occurring in the setting of chronic HBV (CHBV-ALF). These two categories of either AHBV-ALF or CHBV-ALF have recently been described in detail [10] . AHBV-ALF (n = 61) was defined by patient history of apparent recent HBV infection (i.e., no history of chronic hepatitis B infection and/or a recent exposure to a likely carrier). By contrast, CHBV-ALFs (n = 24) were defined by a history of prior HBV infection.
Since all patients experienced some degree of encephalopathy, informed consent was obtained from next of kin prior to study enrollment after approval by the local Institutional Review Board. Detailed clinical and demographic data were available on all patients.
Statistical Analysis
Statistical analysis was performed using SPSS 16.0 (SPSS Inc, Chicago, Illinois). Groups were divided into those with NA use (n = 43) and those without NA use (n = 42). Primary outcome of HBV-ALF patients was defined by spontaneous (transplant free) survival (SS) versus non-SS (Death or orthotopic liver transplantation [OLT]) within 3 weeks after admission to the study. Secondary outcomes were OLT versus non-OLT and overall survival with or without OLT. Hepatic coma grade was grouped into mild (grades I and II) versus severe hepatic encephalopathy (grades II and IV). Admission HBV-DNA levels were measured on 69 patients. Chi-square or Fisher's exact test (when appropriate) were employed to compare dichotomous variables between the groups (NA use vs. non-NA use or SS vs. non-SS). Mann-Whitney U test was used to determine the difference between groups (NA use vs. non-NA use or SS vs. non-SS) based on measures of continuous variables. Logistic regression analysis was employed to independently predict the primary outcome (SS vs. non-SS) using admission hepatic coma grade, prothrombin time/ INR, creatinine, age and the two groups (NA use vs. non-NA use) as covariates; the predictions from the multivariate model were used in an ROC analysis. For all statistical tests, a P value B0.05 was considered statistically significant. Values of continuous variables were expressed as median (range), unless otherwise stated.
Results

Overall Demographics and Outcomes
For the 85 HBV-ALF patients included in the study, overall survival was 62% (53/85), spontaneous survival was 28% (27/85), and 38% (32/85) underwent transplantation. The group included 45% (38/85) self-identified as Caucasian, 32% (27/85) African Americans, 15% (13/85) Asian, and 8% (7/85) other ethnicities. The median age was 42 years old and 47% (40/85) were female.
Within the NA treatment group, 11/43 (26%) began therapy within 3 weeks before admission while the remaining 32/43 (74%) began NA therapy only after hospital admission (Fig. 1) . Among patients in this group, 31/43 (72%) were given lamivudine, 8/43 (19%) received entecavir, one (2%) tenofovir and 3/43 (7%) received both lamivudine and adefovir. The NA treatment group included significantly more Asian patients 27% (10/43) versus 7% (3/42) in the untreated group (P = 0.04). The median ALT was significantly higher in the untreated group 2,475 IU/L (range, 166-10,965) versus 1,395 IU/L (range, 87-7,960) in the treated group (P \ 0.01). The untreated group more often had higher hepatic coma grades, i.e., 24/42 (67%) demonstrated coma grade III or IV, compared to 19/43 (44%) with advanced coma grades among the NA treated patients (P = 0.037). The treated group had higher median serum bilirubin levels and lower median AST values; these differences were not statistically significant (Table 1) . Viral loads were available on admission on 69 of 85 patients, equally balanced between the two groups and were similar (Table 1) . Spontaneous survival was not different between the treated group 9/43 (21%) and the untreated group 15/42 (36%, P = 0.13). The rate of overall survival was also similar at 26/43 (61%) and 27/64 (64%, P = 0.72), respectively, for the treated and untreated groups.
Patient Demographics and Outcomes for the Acute HBV-ALF Patients
Of the 85 patients, 61 (72%) were identified as AHBV-ALF as opposed to CHBV-ALF (Table 2) . Among them, 20/61 (33%) were spontaneous survivors, 23/61 (38%) were transplanted, yielding an overall survival of 42/61 (69%). Within the cohort, the patients receiving NA comprised 44% (27/61). Characteristics between these two subgroups did not differ; however, there appeared to be more Asian-Americans in the CHBV-ALF group, probably because this group would be more likely to be assumed to have chronic rather than acute infection [10] . More AsianAmerican patients received NA treatment (85%) compared to Caucasians or African-Americans (37 and 50%, respectively), possibly reflecting this same trend. As observed for the overall study cohort, the NA use group with presumed acute hepatitis B was associated with lower ALT and AST levels compared to the untreated group but these differences were not statistically significant (Table 3) . Survival was similar but slightly better for the group that had not received NA treatment.
Factors Impacting Spontaneous Survival
Univariate analysis of SS versus those dying or requiring liver transplantation revealed that three factors were statistically significant: prothrombin time / international normalized ratio (PT/INR), hepatic coma grade and serum creatinine level (Table 3) . Median INR among spontaneous survivors was 2.3 (range, 1-7) versus 3.7 (range, 1-20) in those in the non-SS group (P = 0.001). Higher hepatic coma grade was also associated with decreased spontaneous survival, e.g., 41/61 (67%) of those who died or required transplantation were listed initially as having a coma grade of III or IV as compared to only 6/24 (25%) of spontaneous survivors (P \ 0.001). Also, spontaneous survivors had a somewhat lower median serum creatinine level, e.g., 0.95 mg/dL (range, 0-7) compared to 1.2 mg/ dL (range, 0-11) among those without spontaneous survival (P = 0.03). Younger age also showed a trend with the spontaneous survival group having a median age of 41 years (range, 17-71) compared to a median age of 43 (range, 18-65) among those without spontaneous survival (P = 0.056). The factors determined to significantly impact spontaneous survival on univariate analysis, PT/INR, creatinine and hepatic coma grade (I-II vs. III-IV), were used in a multivariate logistic regression analysis along with NA use and age ( Table 4) . The model was found to fit the data well (Hosmer-Lemeshow 2-sided, P = 0.974). Multivariate analysis revealed that the untreated NA group had an increase in spontaneous survival with an odds ratio (OR) of 4.4 (95% CI 1.06-18.12, P = 0.041). Furthermore, lower hepatic coma grades (I or II) were associated with a significantly higher rate of spontaneous survival with OR 14.45 (95% CI 3.33-62.79, P \ 0.001). A higher PT/INR was associated with a lower rate of spontaneous survival (OR 0.59, 95% CI 0.39-0.89, P = 0.012). The associations between creatinine and age and spontaneous survival were not statistically significant on multivariate analysis. The predictions from the logistic regression model were used in a ROC analysis; the area under the curve (AUC) was high and significantly different from the diagonal (AUC = 0.891, P \ 0.0001; Fig. 2 ).
Discussion
In this retrospective series of US patients with acute liver failure due to hepatitis B, we did not find any significant survival benefit related to NA use. The study was not randomized and thus the patients receiving NA therapy were not randomly selected. Nevertheless, the groups were reasonably well matched for most measures of severity. Both the NA treated and untreated groups demonstrated similar numbers of patients; gender balance, age, HBsAg negativity, HBeAg negativity, HBV DNA levels and laboratory parameters on admission to the study were also similar between groups. Significant differences between the two groups existed for race, aminotransferases and hepatic coma grade. Among those differences, higher hepatic coma grade on admission was associated with poorer overall outcome. Importantly, the burden of higher coma grades, associated with decreased spontaneous survival, was on the untreated group, 67% coma grade III or IV versus 44% coma grade III or IV in the NA treated group, but this did not appear to result in poorer spontaneous or overall survival when compared to those receiving nucleoside analogues. Multivariate analysis revealed that mild hepatic coma grade (I or II) and, to a lesser extent, lower INR values were independently associated with better spontaneous survival (Table 4) , as has been recognized in previous studies [11] . The group where NA had not been used had a significantly higher odds ratio for spontaneous survival but their actual overall outcomes were not improved as might be expected. This study reflects clinical practice at academic centers over more than a decade, during the initial evolution of NA use in the United States. Despite this fact, only a modest increase in usage was observed over the duration of the study, possibly reflecting slow clinician acceptance of a new treatment of uncertain value in the acute or ALF setting. The poorer outcomes in the treated group may reflect that, on average, patients considered to have more advanced disease might be considered for NA use more frequently or in the context of transplantation listing. As evidence of this, the NA group experienced a higher rate of transplantation than the untreated group (42% vs. 33%), which partially accounts for their lower spontaneous survival. This may also have reflected a bias towards beginning prophylactic treatment with nucleoside analogues for those expected to undergo liver grafting. An additional possible contributing factor to the poorer outcome was that patients not receiving NA treatment exhibited a much higher, approximately twofold increase, in ALT and AST levels compared to NA treated group (Table 1) . This, coupled with lower bilirubin levels, might indicate a more acute and therefore self-limited, rather than chronic disease. Nonetheless, higher aminotransferases are generally considered to indicate more severe liver injury and higher coma grades were indeed observed in the group that did not receive NA treatment. These differences were maintained when the group considered to have acute hepatitis B was compared separately for NA use to the group with presumed chronic infection [10] . Overall survival rates between the treated and untreated group were similar at 61% (26/43) and 64% (27/42), respectively.
Previous studies evaluating the efficacy of NAs in ameliorating severe acute hepatitis B have yielded mixed results; some studies have included only a few true ALF cases (with encephalopathy). A case report described a 74-year-old woman with severe acute hepatitis B with encephalopathy who recovered completely after 4 months of lamivudine therapy [12] . Another study of severe acute hepatitis B suggested that treatment with lamivudine yielded a positive clinical response in 13 of 15 patients. However, only five patients in this study had encephalopathy and there were no untreated controls [13] . A study of 17 consecutive NA-treated patients with severe acute hepatitis B, when compared to historic controls, demonstrated significant improvement in overall survival. However, of the seven patients who had hepatic encephalopathy in this study, six patients had only hepatic coma grade I [14] . A retrospective Japanese study evaluated survival outcomes in 33 patients with ALF defined by the presence of encephalopathy and coagulopathy; 29/33 (88%) patients in this study underwent plasma exchange. In this report, nucleoside analogue use in ten patients was associated with significant survival benefit [15] . Our study differs from previous reports in that it included exclusively patients with encephalopathy and coagulopathy. With these advanced disease patients, the average duration from jaundice to coma was short, averaging 6 days. The brief period of NA use reflects that patients with HBV-ALF resemble those with apparent fulminant autoimmune hepatitis-more chronic forms of the disease exist but in these very acute and severe cases of acuity, no rescue is possible. As in autoimmune patients where corticosteroids rescue most but not all patients, improvement is seldom seen in very acute, severe cases.
It is generally agreed that HBV is a non-cytopathic virus [16] . Thus, liver injury is caused by the host immune reaction and the immune response is most vigorous in patients that eventually experience ALF [9, 17] . It is unclear what the effect of a nucleoside analogue would be in the setting of massive hepatocyte necrosis or what a short duration of NA therapy could provide in this setting. To date, NA has been shown to be ineffective in improving biochemical parameters and survival in patients without prolonged treatment; at least a month's therapy is required to lower viral load effectively [6, 7] . Since the median duration of treatment in our study was 6 days (range, 1-21 days), it seems unlikely, from first principles, that any benefit on survival or prevention of transplantation could accrue in this setting. While there have been few studies of viral load in recent years with sensitive assays, it appears that patients with HBV-ALF have similar viral levels to those with acute hepatitis B, in the range of 1,000-2,000,000 IU/L. Lower VLs might be more amenable to treatment and more rapid clearance-we were unable to demonstrate any association of low VL with improved survival (data not shown).
The study included 61 'new' acute hepatitis B related ALF patients as well as 24 patients with CHBV-ALF (Fig. 1) . Analysis of the chronic subgroup did not reveal any significant differences in clinical or biochemical parameters from the AHBV-ALF group, but the patient number was too small to make definitive conclusions (Table 3) . NA use did not show a survival benefit in any subgroup of HBV-ALF patients. A somewhat similar study evaluating severe acute exacerbations of chronic hepatitis B infection revealed no decrease in the progression to HBV-ALF in patients treated with lamivudine [18] .
While our study did not reveal a survival benefit with NA treatment, practice guidelines and the recent consensus statement of an NIH panel on treatment of HBV infection has recommended NA for patients with HBV-ALF [5, 19] . Patients with HBV-ALF are thought to have higher likelihood of viral clearance post OLT, but this can be compromised by immunosuppression, so that viral suppression in the immediate post-OLT period and use of HBIG still are considered standard of care [5] . NAs effectively reduce HBV DNA over months of treatment and have a favorable histological impact in patients with chronic HBV [20, 21] . They have also proven useful in preventing reactivation of HBV and decreasing HBV related morbidity and mortality in patients with chronic HBV who are placed on immunosuppressive therapies [22, 23] . Treatment with NAs is indicated for patients listed to undergo liver transplantation, which represents, in selected patients, the only definitive treatment for HBV-ALF [24] . Information concerning long-term follow-up visits were available on 19 of 32 patients who had undergone OLT; there had been three late deaths at 1, 2, and 3 months after study admission, of which two had been transplanted. Our study was limited by the fact that data was obtained retrospectively and treated and untreated groups were not matched although their characteristics were similar. The duration of treatment varied in the NA treatment group, but was generally quite short. As in any study of ALF, overall survival is influenced by transplantation, a rescue therapy, which itself depends on availability of a donor organ, graft quality, stage and severity of the underlying liver disease as well as complications. A prospective trial might be of value to determine NA efficacy. However, it is unlikely to be undertaken since patients under consideration for transplantation should be given nucleoside analogues as prophylaxis to reduce the likelihood of post-transplant HBV recurrence. Withholding NA's in the ALF population would be considered unethical and we found no evidence that they were harmful. Still, it is unlikely that NA use in the setting of HBV-ALF has direct benefit. Patients presenting with ALF due to HBV have a low likelihood (\25%) of survival without grafting.
In conclusion, while NAs are thought to be indicated for the treatment of HBV-ALF they do not appear to improve immediate survival. Liver transplantation remains the definitive treatment. To lower VL prior to transplant, HBV-ALF patients should receive NAs. The effect during the brief period preceding transplant may be minimal; however, the drugs are well tolerated and pose little risk.
